We investigate algebraic structure for the B N -type Calogero model by using the exchange-operator formalism. We show that the set of the Jack polynomials whose arguments are Dunkl-type operators provides an orthogonal basis.
Introduction
Among quantum integrable models in one dimension, Calogero-Sutherland type models catch renewed interests owing to the relation to fractional statistics. An example of such models is the Calogero model with harmonic potential [1, 2] :
The subscript "A" signifies that this Hamiltonian is invariant under the action of the symmetric group S N , i.e., the A N −1 -type Weyl group. There also exist Calogero-type models associated with other types of the Weyl groups [3] . The B N -invariant counterpart of the Hamiltonian (1) is the following [4, 5] :
We remark that the model associated with the C N -type Weyl group is equivalent to the B N -case, and D N -type model is obtained by setting γ = 0. The ground state wavefunction for this model is [4, 5] 
Wavefunctions of the excited states are written as products of ψ (B) 0
and some symmetric polynomials. Baker and Forrester obtained an orthogonal basis of such polynomials and named "generalized Laguerre polynomials" [6, 7] . It should be noted that the properties of such polynomials have been studied also by van Diejen [8] . In [6] , the proof of the orthogonality is based on the orthogonality of another set of polynomials which they call "generalized Jacobi polynomials". They obtained the orthogonality of the generalized Laguerre polynomials via some limiting procedure.
Here we make a kind of gauge-transformations on the Hamiltonian:
where φ
is defined by
To construct eigenstates of H B , exchange-operator formalism is also available [5] . One can construct an analogue of creation operators A † j (for definition, see (19) below) and show that the wavefunctions of the form,
. . , x N ) are homogeneous polynomials. However naive choice of the polynomial does not create the orthogonal states. In previous work [9] , we have shown that the set of the Jack polynomials whose arguments are Dunkl-type operators provides an orthogonal basis for the A N −1 -type Calogero model. The aim of this letter is to investigate the B N -case. We shall show that the Jack polynomials appear also in the B N -case.
Dunkl operators and Jack polynomials
In this section, we briefly review the definition of the symmetric and non-symmetric Jack polynomials. In physical context, the Jack polynomials appear as polynomial part of wavefunctions for the Sutherland (1/ sin 2 -interaction) model.
We first introduce the Cherednik operators [10, 11] :
where s jk are elements of the symmetric group S N (the A N −1 -type Weyl group). An element s ij acts on functions of z 1 , . . ., z N as an operator which permutes arguments z i and z j . Since the operators D [11, 12] . Such basis is called non-symmetric Jack polynomials. An non-symmetric Jack polynomial J λ w (x), labeled with the partition λ = (λ 1 , . . . , λ N ) and the element w ∈ S N , is characterized by the following properties [11, 12] : 
, we use the dominance ordering < D for partitions [13] , and the Bruhat ordering < B for the elements of S N . Using these, we define the ordering as follows:
We denote the eigenvalues of D
The eigenvalues ǫ j (λ, w) are all obtained by permutating the components of the multiplet
Using the operator D (A) j , we introduce generating function of symmetric commuting operators [11] :
Since ∆ 
We note that all the eigenvalues of ∆ (A) s (u) are distinct for generic value of u. We then introduce the B N -type Dunkl operators [5, 14] :
where s jk and t j are elements of the B N -type Weyl group. An element s ij acts as same as in the A N −1 -case and t j acts as sign-change, i.e., replaces the coordinate x j by −x j . Commutation relations of the B N -type Dunkl operators are
We denote the algebra generated by the elements x j , D s ) generated by the vacuum vector |0 s = 1:
The elements D
s annihilate the vacuum vector, and s ij , t j preserve |0 s :
We then define Cherednik-type commuting operators associated with (11):
. (15) We introduce the notation Res (t) (X) which means the action of the operator X is restricted to the functions with the symmetry t j f (x) = f (x). Under this restriction, the action of the operator D (B) j is reduced to the following form:
Comparing (16) 
we have the following equation by using the correspondence between Res
B N -type Calogero model
We now turn to the B N -type Calogero model. We introduce an analogue of creation and annihilation operators [5] :
We note that the operator A † j is not adjoint of A j with respect to the scalar product
We call an algebra generated by A j , A † j , s ij and t j as A c as follows:
Fock space for A (B) c is constructed in the same way as F
s :
c annihilate the vacuum vector, and s ij , t j preserve |0 c :
Comparing (23) with (14), we know that the isomorphism σ can be extended to the isomorphism of the Fock spaces:
for a ∈ A s . Applying this isomorphism to (18), we get the following equation:
where we define ∆
with h
We note that the operator h 
From (25) we find that all the eigenvalues of ∆ (B) c (u) are distinct. On the other hand, The operator ∆ (B) c (u) is self-adjoint with respect to the scalar product (20) . From these facts, we conclude that the vectors,
form an orthogonal basis with respect to the scalar product (20). We note that polynomial parts of the basis (29) are equivalent to the generalized Laguerre polynomials introduced by Baker and Forrester up to constant. Baker and Forrester also introduced "non-symmetric generalized Laguerre polynomials" [7] . In our formulation, such polynomials are related to joint eigenfunctions of the operators h In conclusion, we have constructed operator expression of the orthogonal basis for the B N -type Calogero model by using the Jack polynomials whose arguments are the Dunkltype creation and annihilation operators. We stress that our proof of orthogonality is algebraic and does not make use of the limiting procedure.
